Abstract The standard definition of high-risk individuals for lung cancer was not uniform and the value of chest digital radiography (DR) in lung cancer screening was still unproven. The aim of this study was to assess whether the original questionnaire named as "Self-evaluation Scoring Questionnaire for High-risk Individuals of Lung Cancer" combined with DR examinations could detect early stage of lung cancer effectively. The Self-evaluation Scoring Questionnaire for High-risk Individuals of Lung Cancer had been designed in previous studies. Subjects with scores over 116 points were regarded as high-risk individuals and underwent the current DR scans at least once a year from 2007 to 2009. Noncalcified nodules with a diameter over 30 mm, along with enlarged pulmonary hilus and atelectasis, were considered to be positive and subjected to further special examinations. Efficacy of the scoring questionnaire combined with DR scans was estimated by 3-year results. Among 1,537 subjects, 13, 11, and 7 were diagnosed with lung cancer in the first, second, J Digit Imaging (2013) 26:72-81 DOI 10.1007 and third year, respectively, indicating the detection rate of 2.02 % (31/1,537). In addition, 77.42 % (24/31) of the patients were in stage I and 51.61 % (16/31) were adenocarcinomas. For the 31 cases, 28 were defined as detected cancers, while the other three were interval ones, only accounting for 0.20 % (3/1,504) of individuals with negative judgments. The protocol of Self-evaluation Scoring Questionnaire for High-risk Individuals of Lung Cancer combined with DR scans is a cost-effective and safe approach to detect early stage of lung cancer.
Introduction
Lung cancer is one of the most common malignant diseases in the world causing more than one million deaths every year [1] . The American Cancer Society estimated that in the USA, there would be approximately 222,000 new cases of lung cancer in 2010, and 157,000 patients die from the disease, making up 28 % of all cancer deaths [2] . Because of its hidden onset, most patients receive a diagnosis at an advanced stage with a poor prognosis [3] . It has been reported that the 5-year survival rate for non-small cell lung cancer patients in stage I was about 60 %, but it decreased to 2 % for stage IV [4] . As for small cell lung cancer, the 5-year survival rate for limited and extensive disease was 15 and 3 %, respectively [5] . It might be readily seen that the fundamental premise to make a progress in the prognosis of lung cancer is to carry out effective population screenings and improve early detection rate.
Some researchers advised high-risk individuals to take regular examinations, but the standard definition of high-risk individuals was not uniform; high-risk individuals are generally referred to heavy smokers or people with harmful occupational exposures [1, 6, 7] . However, many other factors, such as passive smoking, genetic susceptibility, and so on, also contributed to the development of lung cancer [6, 8] . There has not been an acknowledged assessment method for the risks of lung cancer.
With respect to screening methods, efficacy of chest X-ray (CXR) and computed tomography (CT) has been investigated in some large-scale studies. Since the 1970s, several randomized controlled trials, including the well-known Mayo Lung Project, has revealed CXR alone or combined with sputum cytology did not reduce the mortality of lung cancer [9, 10] . A recent metaanalysis even concluded a slightly higher mortality associated with frequent CXR examinations [11] . Subsequent experiences with CT, however, were more promising.
The high detection rate of early stage of lung cancer confirmed its significant effectiveness [12] .
Unfortunately, the value of digital radiography (DR), more sensitive than CXR, less radioactive and much cheaper than CT, has never been evaluated. Thus, our current study was designed to assess the value of DR for early detection of lung cancer in high-risk human beings over a period of 3 years. High-risk individuals were identified by our recently developed Self-evaluation Scoring Questionnaire for Highrisk Individuals of Lung Cancer. We provide the evidence that the combined use of the scoring questionnaire and DR scans are an affordable, safe, and effective approach to detect early stage of lung cancer.
Methods

Participants
The Self-evaluation Scoring Questionnaire for High-risk Individuals of Lung Cancer had been designed in separate studies and the threshold to confirm risk subjects was 116 points [14] . Individuals taking annual routine physical examinations in the Physical Examination Center of West China Hospital, Sichuan University, China, were recruited to participate in the current screening, but only high-risk volunteers identified by the questionnaire were satisfied. Furthermore, eligible candidates should not have undergone thoracic radiologic examinations at least 1 year before the enrollment and should be willing to take further examinations when necessary. Subjects with symptoms of lung cancer, such as thoracodynia, hemoptysis, and dyspnea, or too weak to accept invasive techniques, were also excluded. In addition, volunteers suffering from a previous pneumonectomy or with a history of malignant tumors in any part of the body were not qualified either. This study was approved by the Ethics Committee of Sichuan University, and each participant was given a written informed consent. It has been registered as a clinical study at http://www.chictr.org with the number ChiCTR-DOC-10000975.
Chest DR Scans DR examinations consisted of a single anteroposterior view and were obtained with the Japanese Shimadzu digital X-ray photography system and PACS image processing system with 81 kV peak, 400 mA, and 0.25 ms of the scan time and at a tube-to-receiver distance of 150-180 cm. Images were taken at an inspiration phase. Two board-certified chest radiologists evaluated the scans independently. In case of a disagreement, a third senior radiologist was consulted to reach a consensus.
The site, size, and radiological features of each lesion were documented in detail.
Definition
Noncalcified Nodules
A nodule was a solid lesion and classified as noncalcified if it did not meet the previously published criteria for a benign lesion [15] . The diameter was the maximum length for the solid component.
Enlargement of Pulmonary Hilus
In normal circumstances, pulmonary hilus locates between the second and fifth intercostals space in the medial fields of thorax and the left side is often higher than the right by 1-2 cm. A diagnosis of enlargement of pulmonary hilus was made when it was beyond the above fields.
Atelectasis
Atelectasis is referred to as the shrinking of whole or part of the lung because of the reduction of gas content.
Screening Algorithm
All eligible participants received the baseline screening by DR in 2007. For noncalcified nodules, positive results meant those with a maximum diameter of over 30 mm, while negative results referred to nodules less than 5 mm. Of the remaining ones between 5 and 30 mm, at least one of the radiological features, such as spiculation, lobulation, vessel convergence, ground glass opacity, and cavity, were the evidence to make a positive determination; otherwise it is undetermined, which needed further follow-up examinations. The interval time was 6 or 3 months for those with diameters ranging from 5 to 15 and 16 to 30 mm, respectively. In the repeated examinations, diameter increase by at least 30 % or emerging malignant radiological features mentioned above indicated a positive result, or else negative.
Pulmonary hilus enlargement and atelectasis were always considered to be positive unless the radiologists declare it otherwise. If somebody possessed more than one lesion, the final result was defined as positive as long as there was one positive judgment, and they were advised to turn to a chest physician for further special workup. In the event that a diagnosis of lung cancer was made, the participant was treated for the disease and left the trial; otherwise, regular second-round screening, 12 months later after the baseline screening, was scheduled also for those who tested negative.
Principles for evaluating a new lesion in the second-round screening were inconsistent with the first round. For the existing nodules, diameter increase by 30 % or emerging malignant radiological features indicated positive results, and further increase of the ever-detected pulmonary hilus enlargement and atelectasis suggested a positive result as well. The third round of screening was carried out after the second round.
Screen-detected cancers meant those diagnosed within a window extending 12 months from a positive result. Lung cancer identified in 1 year after a negative screening test was denoted as interval or nondetected cancer.
Statistical Analysis
Data analysis was performed with SPSS software for Windows version 13.0. Normally distributed data were summarized as means±standard deviation (SD). Diagnostic sensitivity, specificity, false-negative rate, false-positive rate, negative predicted value, positive predicted value, and their 95 % confidence intervals were introduced to access the effectiveness of the screening strategies. All the calculating formulae can be found in Table 1 .
Results
The Scoring Questionnaire and Demographics Characteristics of the Participants
The scoring questionnaire is shown in Table 2 . During 2007, 8,093 volunteers agreed to take part in the project, but only 1,537 (18.99 %) were eligible. The mean (±SD) age was 52.80±12.66 years old, and the characteristics of the studying cohort are summarized in Table 3 . As a general rule, predicted value means the probability of a participant with a positive or negative result to suffer from a particular disease or not, and the traditional formulae are as follows: negative predicted value 0 d/(c + d), positive predicted value 0 a/(a + b). But for lung cancer, its reported prevalence rate is about 0.035 % [14] , which has a marked impact on the final result as well. Therefore in our opinion, the formulae applied in this practice probably were more accurate. P, Sp, and Se stand for the prevalence rate of lung cancer (0.035 %) [14] , specificity, and sensitivity, respectively In the baseline screening, 230 subjects had 494 noncalcified pulmonary nodules by DR scans (Tables 4 and 5 ). Calcified lesions of benign appearance were detected in another 205 individuals. Of the undetermined 107 nodules between 5 and 30 mm, 14 displayed malignant signs. Following repeated examinations 3 or 6 months later revealed four persons with distinct growing-up or emerging malignant indications. On the part of other lesions, there were five pulmonary hilus enlargements, two of them with positive nodules as well, but no atelectasis was found. Above all, 34 positive results were detected in the first year, promoting CT, contrast-enhanced CT, positron emission tomography/CT scans, even fibreoptic bronchoscopy and percutaneous transthoracic needle biopsy to make a definite diagnosis. Lung cancer was ultimately diagnosed in 11 of the participants, including two cases with pulmonary hilus enlargements. According to the latest Seventh Edition of the TNM Classification for Lung Cancer [16] , 10 patients (90.91 %) were in stage I, comparing with one (9.09 %) in a status of liver metastasis. Figure 1 showed a patient with a 15-mm noncalcified nodule in the baseline DR scan, and the following surgery confirmed a diagnosis of adenocarcinoma.
There were another two intervals or nondetected cancers, of which the period elapsed from initial negative screening results to the final diagnosis of lung cancer varying from 4 to 6 months. No abnormal lesion was found in one patient, but he developed pleural dissemination with hydrothorax 6 months later, and fibreoptic bronchoscopy confirmed an adenocarcinoma.
Results in Year 2
Except for the 13 cases of lung cancer and 31 people lost from the cohort, 1,493 participants underwent the second-year screening. Altogether, 553 nodules were detected in 291 persons, of whom 84 were new cases. There were 1,369 subjects that revealed negative results and 28 were positive. For the rest of the patients with uncertain results, repeated scans were implemented to make further positive decisions in 15 subjects. Including the three cases of ever-detected pulmonary hilus enlargements and another three detected atelectasis, 46 participants were judged as positive in the second-year screening to promote specialized examinations. Finally, the diagnosis of lung cancer was made in eight subjects with pathological evidence, whereas no tissue could be obtained in two patients. Nonetheless, they were treated by chemotherapy because of the rapid nodule growth and positive diagnosis on contrast-enhanced CT scans. Four of the 10 patients did not have any lesions in the first-year screening, while remaining six were characterized by significantly enlarged nodules or pulmonary hilus. Another interval cancer was also detected, whose nodule had a benign appearance of about 10 mm in the previous screening, but increased suddenly and markedly.
Results in Year 3
By the end of December 2009, 1,441 participants had undergone the third-year screening. Including 39 new subjects, 394 individuals displayed 637 nodules. Added to the 30 positive individuals out of 93 undetermined subjects by extra scans, final positive results were in 55 persons and seven cases were diagnosed as lung cancer.
Conclusion and Comparison from the 3-Year Follow-up Study
A total of 31 lung cancer patients were found in the 3 years, and only five were women. The mean age was 65.35 years old (from 44 to 82). Besides, the average score by the questionnaire was 179.74 points, with one third over 200. The findings for the 3-year follow-up screening and characteristics of lung cancer patients are summarized in Tables 6 and 7 .
In fact, we recruited a total of 8,093 subjects enrolled into the study for lung cancer following-up from 2007 to 2009. According to their scores by the self-assessment questionnaire, the other 6,556 ones were in the non-risk group, from which there were only five cases of lung cancer, with the detection rate of 0.08 % (5/6,556) [14] , significantly lower than that of the risk group (2.02 %, 31/1,537), indicating screening for high-risk individuals might be more effective and economical.
Discussion
Although lung cancer screening is a controversial issue, mounting research has already shown its potential benefits, especially for high-risk populations. However, the criteria for determining high-risk groups have not yet been unified. Generally speaking, active cigarette consumption is the well-known principal respondent, so nearly all of the present studies focused on heavy smokers and the results were desirable [7, 17, 18, 28] . With the progress of research, passive smoking and exposure to cooking fumes have attracted more and more attention [19, 20] . Additionally, there has been a longstanding interest in genetic susceptibility to lung cancer, and recent studies have established its definite role [6, 21] . However, how to make a comprehensive evaluation about risks of lung cancer still remains a significant, but a little bit confusing, problem. Therefore, under separate studies, with the method of evidence-based medicine, our research team has established a brand new assessment system, namely the Self-evaluation Scoring Questionnaire for High-risk Individuals of Lung Cancer, which took 15 risk factors and their effects into consideration altogether. Smoking was expectedly the most important factor, especially for those with initial smoking age younger than 15 years old. Moreover, subjects with psychical depression or family history of tumors were also incorporated into the high-risk group, which were not considered in previously documented screening trials [1, [11] [12] [13] . Thus, we strongly believe that the scoring questionnaire represents an improved sensitive way to identify high-risk human beings for lung cancer.
Radiology is by far the main means for lung cancer screening. Value of CXR and CT has been evaluated over decades. With the help of computer processing system, DR can clearly show small lesions in lung fields with less radioactivation and less cost, even signs of lobulation or spiculation for a noncalcified nodule about only 2 mm. A recent small sample size case-control study, including 55 cases of lung cancer and 72 controls revealed the sensitivity of DR in suggesting a malignant diagnosis was close to 60 %, with specificity up to 90 % [22] . However, its efficacy for lung cancer screening in a much larger population has never been formally evaluated, which promoted us to carry out the current study.
In the baseline screening of our research, the nodule detection rate by DR was 14.96 % (230/1,537), lower than other trails with CT scans [23] [24] [25] . It was supposed that except for the screening method, special eligible subjects contributed to the difference substantially. Compared with heavy smokers in previous trails [23] [24] [25] , approximately 10 % of the current volunteers were never smokers, probably indicating fewer nodules.
Although the initial detection rate of nodules in our study was slightly low, but with the excellent following-up protocols, the ultimate detection rate of early-stage lung cancer is comparable with the published results by using CT [12, 23] . Generally speaking, typical noncalcified nodules refer to solid lesions with diameters ranging from 8 to 30 mm [26, 27] . Malignant probability for the smaller ones are usually low, especially for those less than 5 mm, only about 0-1 % [27] [28] [29] . Accordingly, we overlooked nodules with a maximum diameter below 5 mm; but larger ones over 30 mm were considered to be positive. For the rest between 5 and 30 mm, spiculation, lobulation, and other imaging features determined the final results, which were almost ignored in other screening reports [1, 12, 30] . Our practice demonstrated that taking such imaging features into consideration was an effective approach to avoid missing important lesions. Furthermore, in the following-up strategies, an increase in nodules' diameters by 30 % indicated a malignant process as well. This was based on the assumption that the nodule was spheriform. So the expanding of diameter by 30 % meant the volume increased doubly, suggesting a volume-doubling time [13] . Beyond that, enlargement of pulmonary hilus and atelectasis were also identified as positive results in the practice for the first time. Either enlargement of pulmonary hilus or atelectasis might be one of the performances of hilus-occupying diseases. Among the nine subjects with enlargement of pulmonary hilus in our study, four were diagnosed with lung cancer. The high detection rate put another emphasis on the pulmonary hilus enlargement. However, none of the three participants with atelectasis obtained a positive diagnosis. As a matter of fact, to be more exact, all of them were only a little poor in pulmonary air inflation and they were caused by heteroplasia or chronic inflammation. It probably gave us an indication that the extent of lesions was probably associated with the nature of diseases as well.
With the above protocols, 31 cases of lung cancer were detected in 3 years and the detection rate (2.02 %) was approximate to other trials [23, 25] . In terms of screening efficacy, sensitivity of protocol was over 85 %, with specificity about 96 %. Predicted value is another index to access a screening program. It means the risk of a person with a positive or negative result to suffer from a particular disease or not. Not only has the efficacy of a screening protocol but also the incidence rate of a particular disease had a marked effect on it. Unfortunately, almost all of the published reports have disregarded it [1, 32] . Accordingly, though the positive predicted value in our study was lower than others, we believe it ought to be more accurate.
At present, the major benefit of lung cancer screening is the high proportion of early cases. The Canadian experience from 2003 to 2005, one of the branches of the famous International Early Lung Cancer Action Program, demonstrated that 75 % of the detected patients (15/20) were in stage I and 70 % (14/20) received surgical excision [12] , which were consistent with others [14, 30, 31] . Similarly, our study revealed 77.42 % (24/31) of screened patients were in stage I. However, there were three cases in stage IV and three interval cancers. This issue raised relevant concerns: should we take repeated examinations more frequently or use other screening methods to take place of DR scans? What is noteworthy is that frequent CT scans perhaps induce excess radiation exposure and CT is more apt to make overdiagnosis, except for its higher cost. Data from the International Commission on Radiological Protection indicated three male or six female cases of radiation-induced cancer would occur in every 100,000 screened individuals over 15-20 years [33] . Recent estimates have suggested the falsepositive rate of CT varied from 10 to 42 %, compared with 3 to 19 % for CXR [34, 35] . As a less radioactive method than CT, but much more sensitive than CXR, DR may integrate both of the advantages. Furthermore, two of the three advanced cases were detected in the first year, and the other three interval patients accounted for only 0.20 % (3/1,504) of all individuals with negative judgments and two were in stage I. From this point of view, increasing screening frequency or taking other screening methods appeared of no significant benefit. So we believe the current protocol is acceptable.
In conclusion, our findings suggest that DR, a much cheaper and less radioactive method than CT, has a great potential efficacy for early detection of lung cancer in highrisk individuals, identified by the Self-evaluation Scoring Questionnaire for High-risk Individuals of Lung Cancer. Most of the detected patients are in stage I and the current protocol is applicable, particularly in developing or underdeveloped regions/countries. 
